Accurate identification of Mycobacterium tuberculosis complex (MTBC) isolates is essential for tuberculosis (TB) control, especially in a high-burden country such as Brazil. Conventional identification methods are laborious and time-consuming, while rapid molecular methods are expensive and require skilled personnel and appropriate physical laboratory infrastructure. Immunochromatographic assays (ICAs) have been shown to provide a rapid and reliable TB diagnosis at a low cost. The use of the SD Bioline TB Ag MPT64 ICA (MPT64 assay) for rapid identification of MTBC clinical isolates in the routine diagnosis of a large-volume reference TB laboratory was evaluated. We analysed 375 isolates on solid and liquid media concurrently with conventional phenotypic methods, the PRA-hsp65 molecular technique and the MPT64 assay. The sensitivity, specificity and accuracy of the ICA were 97.7, 100 and 98.1 %, respectively. The MPT64 assay yielded rapid and accurate results, enabling the treatment to be initiated early and also impacting on TB control.
Tuberculosis (TB) is an infectious disease of global distribution. In low-and middle-income countries where TB is highly endemic, diagnosis is still performed mainly by smear microscopy, which is rapid and inexpensive, but has low sensitivity [1] . Culture, despite being time-consuming, is the reference method for TB diagnosis and is also used for monitoring patients under treatment and for obtaining drug susceptibility information as well. In order to speed up diagnosis and proper treatment, isolation and drug-susceptibility testing of Mycobacterium tuberculosis complex (MTBC) bacteria on automated liquid culture systems were recommended by the World Health Organization in 2007 [2] . However, liquid cultures are more prone to contamination and make MTBC differentiation more difficult in the case of mixed cultures with nontuberculous mycobacteria (NTM) [3] . Additional testing, therefore, must be performed.
Many techniques are available for differentiation between MTBC and NTM [4, 5] . Detection of cord formation by microscopy has been widely used for presumptive identification of MTBC, although some NTM species can also display this morphology, especially when grown in liquid media [6, 7] . Other supplementary conventional tests are biochemical tests such as niacin, nitrate reductase and catalase assays, inhibition of growth in culture media containing p-nitrobenzoic acid (PNB), and, more recently, immunochromatographic assays (ICAs) and nucleic acid amplification tests [8] .
Before ICAs were available, intermediate-level TB laboratories performed MTBC identification by using the timeconsuming conventional phenotypic techniques [9] . At reference laboratories, identification of isolates has been performed also by phenotypic techniques and molecular tests, such as conventional or real-time PCR, line probe assays and in-house (PCR and restriction-enzyme analysis) PRA-hsp65 molecular assay [5, 10] . Results of phenotypic tests, including the PNB assay, are obtained after 2 weeks, while molecular techniques yield results in a few days [5] . Therefore, a simple, rapid and accurate test capable of differentiating between MTBC and NTM is essential for the effective control and adequate treatment of TB.
The SD Bioline TB Ag MPT64 (SD) (MPT64 assay) is a commercial ICA developed to detect the MPT64 antigen, a protein secreted exclusively by MTBC and some substrains of Mycobacterium bovis BCG (bacillus Calmette-Guerin) [8] . MPT64 ICAs are, thus, able to identify MTBC isolates within 15 min with high sensitivity and specificity [11] . Here, we have evaluated the performance of the MPT64 assay in routine diagnosis, with the aim of implementing this test in a large-volume reference laboratory, as well as in intermediate-level laboratories that perform culture.
Between April and May 2012, 390 clinical isolates of mycobacteria in Löwenstein-Jensen medium, Ogawa-Kudoh medium or mycobacteria growth indicator tubes (MGITs) received at the Adolfo Lutz Institute (IAL) were concurrently subjected to species identification and the MPT64 assay. The IAL is the reference laboratory for TB in the state of São Paulo, Brazil. Annually, nearly 8000 isolates for drugsusceptibility testing or species identification are referred to the reference laboratory.
Phenotypic tests of growth rate (fast or slow) and temperature, colony pigmentation, and growth in the presence of PNB at 500 µg ml
À1
, sodium nitrite and picric acid, were performed. The isolates were also identified by PRA-hsp65 [5, 10] .
The MPT64 assay was performed as described by the manufacturer. Briefly, a sample of 100 µl taken from liquid cultures or from suspensions of 3-4 colonies in 200 µl buffer provided in the kit was applied directly to the sample well. The test strips were incubated at room temperature for 15 min and the results were recorded after this period. The result was considered positive when the control and test bands appeared, and a negative result occurred when only the control band was present. The result was invalid if the control band was not visible. In such cases, the test was repeated. The reference Table 1 ).
The MPT64 assay was positive for 302/309 MTBC isolates (97.7 % sensitivity), while it was negative for 23 different NTM species (100 % specificity). The accuracy of the test was 98.1 %. Similar results were also demonstrated by Kumar et al. [12] , who obtained 100 % sensitivity and specificity for this assay when testing 54 MTBC and 10 NTM isolates on solid and liquid media, and by Arora et al. [13] , who tested this assay on 105 positive MGIT cultures, and obtained sensitivity and specificity of 100 and 96.4 %, respectively.
Among the seven MTBC isolates with negative results in the MPT64 assay, six were isolated in MGITs (five had grown in clumps and one showed turbid growth) and one was isolated in solid medium (rough, cream-coloured colonies). Five out of these seven isolates showed cord formation. It is possible that the false-negative isolates in MGITs had too little growth and the amount of MPT64 antigen secreted was too low, as the BACTEC MGIT 960 instrument is very sensitive for detecting growth. Vadwai et al. [14] found that isolates positive in MGITs with a GU (growth unit) value below 300 were more prone to give false-negative results. In addition, Park et al. [15] showed that the detection limit of the SD MPT64 assay is 10 5 c.f.u. ml
.
Studies have reported mutations in the mpt64 gene of MTBC isolates with false-negative results in the MPT64 assay [16, 17] . In order to check whether the mpt64 gene, which encodes the MPT64 protein, was present in the DNA of the false-negative isolates, we performed an in-house real-time PCR assay targeting this gene [5] . All the seven isolates presented the mpt64 gene. However, as we did not sequence the entire gene, we do not know whether any mutation was present in positions other than where the primers and probe hybridize.
The contamination rate of the culture may influence the performance of the test as well [11] . Gomathi et al. [18] observed lower sensitivity and specificity for an ICA in settings with high rates of culture contamination. In our study, the MGIT isolate with a turbid growth may have given a false-negative result because of the presence of contamination, as turbidity in liquid medium is indicative of the presence of bacteria other than MTBC.
To our knowledge, this is the first prospective study from Brazil describing the use of the MPT64 assay for MTBC identification under routine conditions in a large-volume reference laboratory. Based on our results, the MPT64 assay was successfully implemented and is being used in our laboratory currently, as well as in intermediate-level laboratories and in TB reference laboratories from other states of Brazil. A rapid and accurate result, as given by the MPT64 assay, enables treatment to be initiated early and also impacts on TB control.
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